Among the oldest agroforestry systems, silvopastoralism uses shrubs and trees to feed ruminants. 21
Introduction 41
Silvopastoralism, a multifunctional land-use system that associates animals with shrubs or trees 42 and pasture, is one of the most ancient agroforestry systems (Etienne 1996) . The integration of 43 shrubs and trees as fodder resources into grazing systems is practiced in the tropics ( Shrubs and trees and pasture plants compete for above-and below-ground resources. Major effects 183 on pasture production are shade, and the competition for moisture and nutrients, and these effects 184 are tree and pasture species dependent (Sharrow 1999; Devokta et al. 2009 ). Managing the 185 appropriate species in the system is crucial; for example, in temperate systems, planting nitrogen-186 fixing trees as Alnus spp. are expected to enhance nutrient cycling and increase soil fertility which 187 may be beneficial to pasture plants (Smith and Gerrard 2015) . However the lack of knowledge 188 about the technical itinerary is a significant barrier to the integration of shrubs and trees and their 189 use of fodder for ruminants mainly in temperate systems. 190
Management of trees and shrubs as fodder in ruminant production systems 191
Irrespective of the feeding system (Table 1) , woody perennials can be scattered or grouped, inside 192 the land or on the edge (Peeters et al. 2014 ). However, the productivity and limitations of 193 silvopastoral systems are variable due to species and cultivars, plant age and structure for feeding, 194 growth status, harvesting period, environmental conditions and management ( perennial ryegrass (Lolium perenne) pasture yielding 9.8-10.9 t DM/ha in total during the season 215 (Douglas et al. 1996) . In an experiment with ewes accessing willow fodder blocks during late 216 summer and autumn, the voluntary feed intake was estimated at 2.1 kg DM/ewe.day with 0.29 kg 217 accounting for woody foliage, while the control pasture intake was in the range of 0.7-1.66 kg 218 DM/ewe.day (Pitta et al. 2007 Table 1 ). Leucaena productivity was reported to vary between 13.7 and 32.0 tons of 266 dry matter (DM)/ha depending on the harvest interval and row spacing (Ferraris 1979; Table 2 ). 267
Thus, to ensure plant survival and optimal productivity, plant height (i.e. 1.5 to 2.0 m) and age (i.e. 
Conclusion 428
Feeding ruminants with browse species has been practiced in many regions while it has 429 progressively declined in intensive production systems. Nevertheless, environment-friendly 430 policies are promoting silvopastoral systems as multipurpose shrubs and trees are known to be able 431 to deliver ecosystem services. Furthermore, woody fodder has been reported to improve ruminal 432 protein digestion, reduce parasitic infestation or lessen methane emissions but limitations such as 433 toxins can restrict their use. Integrating this overlooked forage resource in ruminant husbandry can 434 be achieved by direct browsing, cut-and-carry systems or conserving fodder. Several programs are 435 studying the pelleting or ensiling of browse fodder. In optimal conditions, shrubs and trees sustain 436 and further enhance animal production. As the renewed interest in using this fodder resource more 437 intensively is rather young, further research is needed to more deeply investigate a wider range of 438 systems and promising species, especially in temperate regions. 439
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